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INFLUEJICE  OF  OteiAMTC  SULFUR  COMPOUNDS  ON  E3CPLOITATIONAL 

PROPERTIES  OF  FUEL  TS-1 

Ta.  B.  ChertkoT,  V.  M.  Snchagin,  and  V.  N.  ZreloT 

The  eulfur  content  (organic  eulfur  compounds)  in  oil  products  produced  from 
sulfurous  oils  is  strictly  regulated  by  GOST  norms.  Thus,  in  fuel  TS-1  (COST 
7149-54),  the  content  of  total  sulfur  must  not  exceed  0.25/^,  and  mercaptan  -  O.OlJf. 

During  research  on  the  Tarlatlons  of  the  exploltational  properties  of  fuels 
sulfur  organic  compounds  are  considered  Independently  of  their  structure  as  part 
of  the  non-hydrocarbon  impurities.  Mercaptans  are  an  exception.  Howerer,  it  is 
difficult  to  asswe  that  all  organic  sulfur  compounds,  regardless  of  their  structui*e, 
hare  an  Identical  negatire  inlluence  on  the  quality  of  a  fuel. 

The  present  InTestigation  was  undertaken  for  the  purpose  of  studying  the 
Influence  5n  the  ejqsloitatlonal  qualities  of  contemporary  fuels  of  type  T  of  sulphur 
organic  compounds  (in  quantities  allowed  by  GOST  7149-54),  taking  into  account  their 
structure. 

Studies  were  &ade  of  23  indiridual  organic  sulfur  compounds*  of  rarious 
structure,  the  presence  of  which  in  fuel  of  type  T,  judging  by  their  molecular 
weights  and  boiling  points,  is  eery  probid)le,  and  studies  were  also  made  of 

*The  organic  sulfur  compounds  and  concentrates  were  obtained  at  the  Institute 
of  Organic  Chaadstry  of  the  Bashkir  Branch  of  the  Acadsaiy  of  Sciences  of  the  USSR 
(BashFAN  SSSR). 
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eoric«nt rates  sspsrstsd  frost  fuel  TS-l  (see  table).  Hjrdropurlfled  fuel  TS-1,  not 
containing  organic  siilfur  coapounds  and  theraallj  stable  at  a  tesiperature  of  230*C 
(Halting  teaperature,  at  which  the  testr  were  conducted)  senred  as  a  background. 
Into  hydropurlfieJ  fuel  TS-1  were  introduced  different  quantities  of  organic  sulfur 
coapounds  not  exceeding  (in  sulfur)  the  noras  peralsslble  bj  GOST  7149-54.  The 
alxtures  were  heated  for  6  hours  dtirlng  aixing  in  autoclaves  aade  of  ETa>lT  brand 
steel  and  half  loaded  (the  remaining  voluae  was  filled  tj  air).  Two  plates  of 
brand  VB-23NTs  bronse  wore  in  contact  with  a  total  surface  of  0.<a}2  b^/100  ai  oi 
fuel.  The  fuel  aixing  was  prodttced  by  bronse  plates  suspended  from  a  reeolTlng 
cartridge  for  theraocouple.  Tests  were  conducted  at  120*,  150*,  200*,  and  250*0. 

In  the  course  of  the  tests  deteralnatlons  were  aade  of  the  corrosion  of  bronse, 
resin  depositing  on  the  astalllc  plates,  and  cf  the  quantity  and  Magnitude  of 
insoluble  deposit  particles  foraed  in  the  fuel.  With  the  help  of  an  electronic 
aieroscope  we  aaaaged  to  obtain,  in  general  fora,  the  aechanlao  of  solid  phase 
formation  in  a  heated  fuel  in  presence  of  organic  sulfur  coapounds. 

1.  Corrosion 


Corrocjcr,  VB-23IIT8  bronse  was  characterised  by  loss  of  weight  of  aetal  in 

2 

g,  relative  to  1  a  surface.  Before  the  t^rt  bronse  was  ground  to  mirror 
brlg.Htness  on  a  wheel,  which  was  covered  by  a  cloth  and  coated  with  a  layer  of  No.  I 
paste  from  the  State  Optical  Institute  (alaenalone  of  paKiclee  7-10  m  ).  Thm  the 
^te  waa  washed  in  alcobol-bensene  alxture  aod  isopentane,  dried,  and  weighed 
on  analytic  ecalee.  After  the  teet  in  fuel  and  washing  in  the  alcobol-benseoe 
alxture  the  tivoae  war  wv'^hed.  The  difference  In  weii^t  constituted  the  loss 

from  oorroslsn.  Tbs  gri.xilng  did  not  ccmplstely  naaivs  the  residual  scratcbss  from 
ths  surfacs  of  tbs  astal.  After  test  in  fuel  ewtainli^  organic  sulfur  coapounds, 
and  eeparatlon  of  the  tarrT-fuel  layer,  the  surface  of  aetal  obtained  a  completely 
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Phjrsicochcaical  Pro  pert  ien  of  Orgenic  Sulfur  Coeipounds  (According  to 
Date  of  the  Institute  of  Organic  Cheaistrj,  BashPAN  SSSR) 


Organic  sulAir  conpounds 


Isoaayl-eiercaptan . 

Secondary  octyl-aercaptan. 
Methylcyclohejtyl  awrcaptan 

Benzyloercaptan . 

a-thlonanhthoi . 


Dibutylsulfide . 

Di-leobutylsulf ide . 

Butyl-secondary-octylsul fide. . 

ni-secondary-octylsulfide . 

fvthyljBcthylcycloheiylsulfide, . 
T  soaaylflse  t  hy  Icyc  lohexylsul  fide 

Methylbensylsulf ide . 

Dibeniyl sulfide . 


a  -Propylthio^iiane . 

a  - (>-aethy Ibutyl )  thiophane, . . 
a  -ABylthlcphane, . 


rhiopJiene. . 

‘-Butylthiophene.  . 

a,  €  • -Dibutyl thiophene. 
Oibensothio  phene. . 


Di-isobutyldisulflde  (2.7- 
dioethyl-4 . 5-dithiaoctane ) . 
Pi-secondafy-oc  tyldisul  fide 
( 5 . 8-dl  propyl-6. 7-<iithiado- 
decane  X . 


Sulfur  contest  k.Jf.. 
Sulfur  content  17.96<, 


Boiling  point j 
•C  (pressure, 

«  Kg) 

Index  of  rfc 
fraction 

Djgsity 

% 

»  ■  f - 1 - 

Mercaptans 

U5-118  (754) 

1.4426 

0.8360 

186-187  (758) 

1.4485 

0.8429 

74^75  (17) 

1.4836 

1.0110 

64^6  (4) 

1.5757 

1.05U 

11.1-163  (20) 

-- 

1.1547 

Sulfides 

91-92  (10) 

1.4532 

0.8440 

83-85  (30) 

1.U70 

0.8263 

119-120  (8) 

1.4580 

0.8429 

135-136  (2) 

1.4610 

0.8403 

65.5-60  (10) 

1.4649 

133-136  (15) 

1.4760 

0.8995 

87-88  (6) 

1.5630 

1.0274 

T.  njj  48.5-49 

— 

— 

Thiophanes 

144-178  (740) 

1.4862 

0.9307 

215-216  (768) 

1.4840 

0.9176 

224-225  (762) 

1.4828 

1  0.9131 

Thiophene* 

83-84  (760) 

1.5289 

I.C65: 

80-81  (22) 

1.5019 

0.9535 

87-89  (2) 

1.4942 

0.9181 

T.  nn  98-99 

— 

— 

Disulfides 

108.5-109  (13) 

1.4842 

0.9272 

197-198  (7) 

1.4818 

0.8982 

T.  ru  37.5-38 

— 

entrates,  separated 

fro«  fuel  TS-1 

150-200  ('*60) 

187-240  (760) 

1.4852 

— 

I 
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different  character.  At  a  500-fold  na'^iflcation  blletere  and  pitted  eectione  were 
Tery  conepicuous  eren  where  the  loee  of  weight  of  awtal  waa  insignificant  (Fig.  1). 


Fig.  1.  Bronie  VB-23NTS  after  heating  in  hydropurified 
fuel  TS-1  containing  milfuroue  coeipounds  (nagnified  500 
tinea). 

a— 0.01$  weight  nercaptan  sxilfur:  1 — fuel  without 
■ei-captans;  2 — isoanylnercaptan;  3— secondary-octyl- 
nercaptana;  A—beniylnercaptan ;  5--a-thionaphtol. 

b— 0.25$  weight.  S  Bulfuroua  concentrates  and  acyclic 
aulfidea:  1 — sxilfurous  concentrate  separated  from  fuel 
TS-1  (S  •  U>7i\  tjj  »  150-200®C){  2 — sxilfuroua  concentrate 
separated  from  fuel  TS-1  (S  -  17.96$;  -  187-24C*C); 

3- ^ibutyl sulfide;  4— di-iaobuty  1  sulfide;  5—butyl- 
•econdaiTMjctyl  sulfide . 

c — 0.025$  weight  S  thiophenes,  thiophenes,  and  disulfides: 
1  ■  ■■jVMnihaim ,  2 — thiophene;  3--«~butylthiophene; 

4—  di-eecondary-octylsul  fide ;  5-~di-o-tolyldl8ul  fide . 


% 
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From  the  figure  it  ia  clear  that  with  Increase  of  the  test  temperature,  in 
the  prea..Ke  of  sulfur  organic  ccaapounds,  in  all  cases,  the  affected  surface  area 
of  the  metal  increase#. 

Of  the  Mrcapteae  (0.01$  of  sulfur*)  the  strongest  influence  on  bronae  was 
rsndsred  ty  c^wpotixls  with  en  aromatic  ring  -  bensylmercaptan  and  a-thlonaphtol. 

*Ia  ths  presmt  article  subsequently  the  concentration  oT  organic  sulfur 
oompomls  will  ereryt^re  be  giren  in  terms  of  sulfur. 
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Even  After  hoAting  At  a  teaiperAtitre  of  150*0  the  eurfAce  of  the  Mete]  wte  'hlckl^ 
covered  by  dark  apote.  NercAptAne  of  AllphAtlc  And  nAphthenlc  atructure  (in  the 
SAjae  quantity)  led  to  inaigniflcAnt  changee  In  t^  aurface  of  the  awtai.  Organic 
sxilfur  coapounia  of  other  claaeea,  eapecially  di'-o-tolyldiaulfide  (Q.25%),  evoked 
A  aignificant  change  in  the  aurface  of  bronse.  Such  ia  the  picture  baaed  on  viaual 
observations,  which  are  confiraed  by  the  results  of  quantitative  appraisal  of  loss 
of  weight  of  the  aetal. 

In  the  reference  fuel  during  heating  to  250®C  the  loea  of  weight  of  bronze 
was  insignificantly  saall  and  was  within  the  limits  of  sensitivity  of  the  nethod 
(0.2  g/m^). 

Mercaptans.  For  the  mercaptans,  introduced  into  the  fuel  in  quantities  of 
0.0C12  and  0.00251,  at  a  temperature  of  heating  to  2O0*C  the  loss  of  wsight  of 
bronze  did  not  differ  from  the  loss  in  ths  reference  fuel  under  the  sssm  conditiona. 

With  increase  of  the  concentr; -ion  of  mercaptans*  to  O.Oll  the  loss  of  weight 
of  bronze  increased  as  ooeipared  to  loss  in  the  reference  fuel  by  3  tljaes  at  120®C 
and  by  1.5  times  at  150®  and  200®C.  In  contrast  to  this,  in  the  fuel  with  benzyl- 
mercaptan  at  200®C  the  loss  of  weight  of  bronze  increased  13  times,  and  in  the  x\iei 
with  aethylcyclohexylaercaptan  at  200®C  the  loss  of  weight  of  bronze  did  not  differ 
from  the  loss  in  the  reference  fuel. 

Sulfides.  Sulfides  in  fuel  (0.12l)  at  heating  to  150®C  are  Icne-active  with 
reepect  to  brand  VB-23Fn‘s  bronze.  At  2CC®C  the  loss  of  weight  of  bronze  increases 
3  times  as  compared  tc  the  lose  in  the  reference  fuel  \inder  the  same  conditions. 

At  a  concentration  of  0.251  suifldee  at  a  tmeperature  of  150*0  the  loss  of 
weight  of  bronze  jncreasee  by  -c-4  timee,  and  at  200*C  -  by  1,5-5  times. 

Djsulf idem .  At  a  ccaicentration  of  d'-mlflues  of  C.251  at  150-200*0  an  inciease 
of  weight  loee  of  bronze  of  2-3  times  occurs  as  compared  to  the  less  in  the 
refereiKe  fuel.  In  the  pretence  of  0.12-0.25t  dl-o-toijrldisulfide  at  150*0  the 
rerroaion  losses  increased  by  50-70  times. 


Tnloahanea.  ‘t  a  concentration  in  fuel  of  O.L2t  and  at  a  teeiperaturo  of 
heating  up  to  200*C,  thiophanea  do  not  cause  a  noticeable  weight  change  in  b*^n*e. 

At  concentration  (^.25%  and  a  temperature  of  150*C  the  losses  increase  br  1.5-2 
times,  but  ac,  200*C  -  by  2-3  times  as  compared  to  losses  in  the  reference  fuel. 

Thiophenes  in  c-neentration  of  0,2^%  and  at  heating  to  250*C  are  not 
corroaionally  active.  The  lose  of  weight  of  bronse  is  insignificantly  small. 

Sidfurouo  concentrates  of  fuel  TS-1  in  a  concentration  of  0.255^  and  at  a 
temperature  to  20C**C  do  not  evoke  increased  losses  of  bronse  as  coBpai*ed  to  losses 
of  bronse  as  canpared  to  losses  in  the  reference  fuel. 

Thus,  corrosivity  of  organic  sulfur  compounds  in  fuel  with  respect  to  bronze 
is  small  when  their  concentrations  are  within  the  limits  allowed  by  the  GOST  and 
temperature  of  heating  of  the  fuel  is  200-250‘'C.  The  exception  is  di-o-tol/ldi- 
sulfide,  which  proved  to  be  very  active.  Thiophenes  are  inactive  and  in  this  they 
favorably  diffe.  from  other  organic  sulfur  compounds. 

2.  Resin  Formation 

The  tarry  substances  which  adhered  to  the  surface  of  bronze  VB-23NTs  in  the 
process  of  heating  the  fuel  and  were  separatea  only  by  washing  the  plate  with  an 
adcohol-bonzene  mixtxire  (itl)  were  not  dissolved  in  the  Isopentane,  %ihich  used 
to  separate  the  fuel.  Therefore, the  weight  of  the  tarry  deposits  on  the  bronze 
was  estimated  to  be  the  difference  in  weight  of  the  plate  after  treatment  with 
isopentane  and  the  alcohol-benzene  mixtuj^.  The  weight  of  tars  was  related  to 
1  m^  surface  of  bronze.  The  sensitivity  of  the  method  of  det^naination  was  0.2  g/m^ . 

Mercaptans.  During  the  introduction  into  hydro  purified  fuel  TS-1  of  mercaptans 
in  concentration  to  0.01^  and  heating  of  the  mixture  to  200*0  the  quantity  of  resins 
on  the  surface  of  the  oronze  of  brand  VB-23KT8  was  insignificant,  and  the  fuel 
mixture  by  this  index  did  not  differ  from  hjdropurified  fuel  TS-1.  The  exception 


i»as  aroaaatic  nercaptims.  During  heating  to  200*C  and  at  a  concentration  of  0,005? 
in  the  presence  of  thionaphtol,  the  quantity  of  reelns  increases  1.5  ti*es,  and  in 
the  presence  of  bentyljnorcaptan  -  by  3  tiaee.  At  a  0.01?  concentration  of  these 
laercaptans  tarry  precipitate  at  ,300*0  in  the  presence  of  thlonaphthoi  increase  by 
2  times,  but  in  the  presence  of  benzylmercaptan  -  by  15  times  as  compared  to  the 
reference  fuel. 

Sulfides.  Sulfides  led  to  significantly  larger  precipitate  of  resins  on  the 
surface  of  bronze  than  did  the  mercaptans.  Thtia,  at  a  concentration  of  0.12?  and 
a  temperature  of  150*0  the  quantity  of  tarry  precipitate  increased  2-3  times,  and 
for  certain  sulfide  even  more,  as  compared  to  the  quantity  of  tarry  precipitate  in 
the  reference  hydropurified  fuel.  It  is  interesting  that  in  the  presence  of 
aromatic  sulfides  (methylbenzylsulfide,  dibenrylsulfide)  the  quantity  of  tarry 
precipitate  did  not  increase.  Thus,  the  aliphatic  and  naphtenic  sulfides  played  a 
negative  role.  With  an  increase  of  the  concentration  of  sulfide  to  0.25?,  at  150*0 
the  picture  was  changed  insignificantly;  with  further  heating  to  200*0  the  quantity 
of  tarry  precipitate  increased  6-12  times  as  opposed  the  quantity  observed  for  the 
reference  fuel  At  200*0  aromatic  sulfides  also  gave  a  significant  quantity  of 
tarry  precipitates. 

Disulfides.  At  a  disixlfide  concentration  of  0.25?  and  temperature  of  150*0 
the  quantity  of  tarry  precipitate  Increased  by  3  times,  at  200*0  -  by  4  times,  and 
at  250*0  -  by  8-16  times  as  compared  to  their  quantity  in  the  reference  fuel.  An 
especially  large  Uvanber  of  resins  was  formed  in  the  presence  of  di-o-tolyldisulfide 
at  150*0. 

With  ini  re&se  of  the  fuel  temperature  disulfides,  mainly  aromatic  ones, 
underwent  condensation  and  closely  adhered  to  the  surface  of  bronze  VB-23^^ 

Thlophanes .  At  a  content  of  up  uo  0.25?  in  hydropurified  fuel  and  during 
heating  to  200*0  the  thlophanes  exerted  a  small  influence  on  the  formation  of  tarry 


precipitate*,  which  increaae  by  1.5-2  ti»«*o 

Thiophene*  in  concentration*  up  to  0.25^  during  heating  of  the  fuel  to  250»C 
do  not  giT*  tarry  precipitate*  on  bronie  VB-23m**. 

Sulfurou*  concentrate*  of  fuel  TS-1  with  boiling  Unit*  of  150-200»C  in 
concentration*  up  to  0.25^  and  during  heating  to  200*C  did  not  give  tarry 
precipitate  on  the  bronse.  In  contra*!,  *ulfurou*  concentrate*,  which  boil  within 
the  llaiit*  187-240*C,  under  the  sane  condition*  led  to  a  twofold  increase  in 

e 

precipitate  a*  compared  to  the  reference  fuel. 

Thus,  the  greatet  source*  of  tarry  precipitate  fonuition*  on  bronse  V^>23NTs 
are  sulfide*  and  disulfide*  dtirlng  heating  of  the  fuel  from  150*C  and  above. 
Thiophene*  during  heating  of  the  fuel  to  250*C  do  not  give  tarry  secession. 

3*  Sedinentation 

The  deposits  constituted  solid  particles,  retained  on  a  No.  4  glass  filter 
after  filtration  of  the  fuel,  idiich  had  been  subjected  to  a  6-hour  heating  in  an 
autoclave  in  contact  with  ♦he  bronse.  The  deposit*  were  washed  on  to  a  filter  with 
isopentane  and  brought  to  a  constant  weight  at  roo«  tenperature.  The  sensitivity 
of  the  aethod  was  0.2  Billigraiis  per  100  sil  of  fuel  (the  convergence  of  parallel 
deterBinations  was  +0.25  idlllgran/lOO  al). 

Msrsaptans.  Keating  the  fuel  with  nercaptans  (in  concentrations  0.0012-0.01^) 
at  120*C  led  to  the  foxvatlon  of  a  deposit  (0.5-2. 5  sdlligraii/lOO  nl),  while  in  the 
hydropurified  fuel  there  was  none.  At  150-200*0  2-3  tiae*  nore  deposit  was  foraed 
than  in  the  reference  fue] . 

Sulfldei.  At  150*C  (tsHperature  of  ■astro  sedinentation)  sulfides  in 
concentrations  of  0,12$  lead  to  an  increase  in  deposit  of  3-7  tiaes,  and  at  0,23% 
of  4-9  tiase.  At  a  hi^ier  teaperatur*  (200*0)  the  quantity  of  deposit  is  lowered 
sanewhat  and  exceeds  the  quantity  of  deposit  fosasd  in  the  reference  fuel  by  4-5 


tines.  This  is  in  keeping  with  the  charscter  of  sedinentstion  in  cosnerical  fuels, 
which  form  a  siaxlsun  quantity'  of  deposit  at  150*C,  but  which  experience  a  drop  in 
the  weight  quantity  of  deposit  at  higher  taiperatures  as  a  resxilt  of  sioultaneous 
condensation  and  enlargesient  of  the  particles. 

Disulfides .  In  the  presence  of  aliii^tic  disulfides  in  concentrations  of 
0.25^  the  quantity  of  deposit  at  150*C  increases  by  tlsMS,  at  200*C  by  2-4 
times,  and  250*C  by  2-3  times  as  compared  to  the  deposits  in  the  reference  fuel 
under  the  sane  conditions.  A  huge  quantity  of  deposit  (50  times  more  than  for  the 
reference)  is  obtained  at  150**  in  the  presence  of  dl-o-tolyldisulfide . 

Thiophanes .  In  the  presence  of  thiophanes  in  concentrations  of  0.25^  at 
150**C  the  quantity  of  fuel  deposit  Increased  by  4-6  times,  at  200^  by  3~4  times, 
l.e.,  in  this  respect  thio^Aianes  are  analogous  to  aliphatic  disulfides. 

Thiophenes .  The  presence  of  thiophenes  in  concentrations  of  0.25%  at  150-200* 
increases  the  deposit  by  1.5-2  times,  but  at  250*C  it  does  not  evoke  sedimentation. 

An  exception  is  a,  a ‘-dibutylthiophene,  in  presence  of  which  (apparently, 
front  its  tkto  side  chains)  at  150*C  6  tines  more  deposit  was  formed,  and  at  200*C  - 
4  times  more  than  in  the  reference  fuel. 

Sulfurous  concentrates  of  fuel  TS-1.  Organic  sulfur  compounds  of  concentrates 
in  quantities  of  0.25%  led  to  an  ircr«^e  of  deposit  at  150-'X)0*C  by  2-4  times  as 
compared  to  deposits  in  the  reference  fuel.  In  Fig.  2  are  shown  deposits  forming 
unde '  the  action  of  organic  sxilfur  compounds  at  500-fold  magnification. 

From  t)ic  figure  it  is  clear  that  the  density  and  area  occupied  by  the  deposits 
which  are  formed  by  the  action  of  mercaptans,  increase  with  increases  in  the 
temperature  of  heating  of  the  fuel,  especial'*^  in  the  case  of  thionaphthol  and 
secondary-octyLsei'captan . 

In  the  presence  of  acyclic  sulfides,  thiophanes,  and  disulfides  at  150-200*0 
an  abundant  dense  deposit  will  form  as  large  aggregates  of  cohering  particles.  In 


contr«8t,  in  th«  presence  of  thiophenes  and  concentrates  of  organic  sulftar 
eonpounds  of  fuel  TS>1  the  deposit  consists  of  aa&Il  particles  of  ouU  density. 


Fig,  2.  Deposits  fonied  in  hydro  purified  fuel  TS-1  in  the  presence 
of  sulfurous  coeipounds  (magnified  500  tiaies). 

a— O.OlJf  weight  aercaptan  sulfur;  1 — isoaaylaercaptan;  2-— secondary- 
-  ctylaercaptan;  3*~nsthylcyclohexyIaercaptan;  4-~benzylBercaptan; 
thionaphthol. 

b— 0.25<  sulfupous  concentrates  and  acyclic  sulfides:  l—sulfurous 
concentrate,  separated  from  fuel  TS-1  (S  »  k>yi\  *  150-200*C); 

2— S',  kfurous  concentrate,  separated  frosi  fuel  TS-1  (S  »  17.96t; 
t\  "  187-2l40*C);  3— dibutylsulfidej  /f^-di-isobutylsulfide;  5 — butyl- 
secondary-octylsulfide . 

c— 0.25^  thiophanes,  thiophenes  and  disulfides:  1 — a-aaylthiophane ; 
2— thiopheoe;  3-~^-butyl thiophene ;  di-secondary-octyldisulfide; 
5~di-o-tolyidistjlflde . 


Thus,  at  a  teaperature  150-250*0  acyclic  sulfides,  thiophanes,  and  disulfides 
at  coneentratlxm  of  0.25^  cause  the  fomation  of  significant  qtiantities  of  deposit. 

The  ■ajrtaiai  quantity  of  deposit  was  obsenred  at  a  tesperature  of  150*0. 

Along  with  the  weight  quantity  of  the  deposit  in  the  fuel  the  screen  composition, 
or  ■ignltude  of  the  particles  asking  up  the  depof^it  is  of  great  iaportance  for 
aoxval  tise  by  the  fuel  systaa  of  a  aotor.  Actually,  a  deposit  aay  be  of  ■mlU 
weight,  but  its  particles  so  big  that  they  are  retarded  and  clog  the  filterii^ 


elenentSy  restricting  or  stopping  the  entrance  of  fuel  into  the  aone  cf  coadtmstion. 
The  rereree  picture  is  possible  as  well  where  significant  quantity  of  deposit  is 
foraed  but  the  dlaanslons  of  its  pajrticles  are  so  saall  that  they  freely  penetrate 
through  the  filtering  elements,  proceed  with  the  fuel  into  the  sone  of  conbr**  iun 
and  bum,  causing  no  complications.  As  an  <ueanple,  consider  a  stabilised  colloidal 
system,  trhlch,  as  is  known,  is  characterised  by  particle  dimensions  of  up  to  . 

We  tried  to  estijute  the  influence  of  indivld^ial  sulfur  organic  compouncs  on 
the  magnitude  cf  pax*ticles  of  the  deposit  forming  curing  heating  of  the  fuel. 

?or  that  the  fuel  being  heated  was  passed  through  a  calibrated  filter  cf 
square  weare.  After  washing  the  filter  with  isopentane  and  drying,  the  quantity 
of  deposit  (in  56),  retained  by  filter  was  detemined  b^-  the  difference  between  the 
weight  of  the  filter  with  deposit  and  without  it.  In  the  operation  a  set  of  filters 
with  holes  of  different  dimensions  was  used.  However,  we  shall  mention  only  the 
share  of  deposit,  retained  by  two  filters:  with  holes  15  and  50  m.  These  filters 
are  close  to  those  applied  in  practice,  and  the  data  obtained  shows  what  part  of 
the  deposit  in  obtained  with  particles  larger  than  15  and  50m  . 

Mercaptans .  *At  a  temperature  of  heating  of  120*C  in  the  fuel  with  mercaptans 
(to  0.0156)  particles  of  the  depoeit  are  very  fine.  The  whole  deposit  passed 
through  a  filter  with  15m  holes.  With  an  increase  in  the  tempersture  the  particle 
increased  significantlj’  in  else.  In  the  presence  of  0.01-0.002556  thionsphtol 
42- 5056  of  the  deposit  did  not  pass  through  the  filter  with  15^  holes  and  — 
through  the  filter  with  50m  holes.  Under  the  ssae  conditions  in  presence  of 
aliphatic  and  naphtenic  mercaptans  10-2056  '>f  the  deposit  constituted  particles  cf 
more  than  15>' diji<^lon8  and  particles  of  50m  dimensions  were  almost  absent.  At 
200*C  and  0.0156  eontmt  of  both  aliphatic  and  aromatic  mercaptans  deposit  with  big 
particles  was  formed:  50-90<  with  particles  larger  than  15m  and  4-656  -  with 
particles  larger  than  50m  .  Only  in  the  pamsence  of  methylcycloheayLsercaptan  and 
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benzylBMrcaptan  were  alaoet  all  of  the  particles  of  the  deposit  asudler  than  15  M . 

Thus,  the  biggest  deposit  particles  are  obtained  in  the  presence  of  thionaphthol 
(150*C  anu  above)  and  aliphatic  sMrcaptans  (200*C)  and  the  finest  -  in  the  presence 
of  bensyLMrcaptaii  and  ■ethylcyclohexylsiercaptan  (200*C). 

Stdfid^ts .  In  fuel,  containing  0,25%  sulfur  sulfide,  at  150*C  deposits  are 
obtained  in  which  12-251^  of  the  particles  are  larger  than  15  m  ,  and  2-8%  of  the 
particles  are  larger  than  50  m  ,  At  200*C  the  particle  magnitude  la  not  changed 
significantly. 

Disulfides .  Within  the  Unite  150“250*C  and  at  a  concentration  of  0.01^ 
sulfur  disulfide,  15-255^  of  the  deposit  consists  of  particles  larger  than  15m  and 
4-14JS  -  larger  than  50 . 

Thiophanes.  In  the  presence  of  thiophenes  at  a  temperature  of  150-200*C  part 
of  the  deposit  (20-60^)  has  pedicles  idiich  are  larger  than  15  m  .  Deposit  with 
particles  larger  than  50m  constitutes  3-95f. 

Thiophenes.  In  the  presence  of  thiophenes  a  light-weight  and  very  fine  deposit 
will  form.  Thus,  at  15t^250*C  the  portion  of  particles  larger  than  15 M  constitutes 
in  all  0.25^  of  the  deposit,  and  particles  nailer  than  50 Mare  absent. 

Sn^fUrour  concentrates  of  fuel  TS-1.  In  the  temperature  Interral  150-200*C 
8-25%  of  the  deposit  consirts  of  particles  larger  than  15m  and  up  to  8%  of  particles 
larger  than  50  m  . 

Thxis,  t)M  magnitude  of  the  deposit  particles  depends  on  the  concentration  of 
organic  sulfto*  compounds,  their  chesdcal  structure,  and  the  temperature  of  heating 
of  the  fuel,  ^eptions  are  thiophenes,  which  even  at  a  temperature  of  250*C  gave 
an  insignificant  quantity  of  deposit  with  very  fine  particles. 

4.  The  ftechaniim  of  Sedimentation 

SMples  of  the  fuels  were  examined  before  and  after  the  heating  teat  on  a.. 


Qn-3*  electron  micpcscope  with  4  resolrlng  po»er  of  60  A  at  t  aagnlficatlon  of 
10,000  times.  As  a  ^lialnary  the  samples  were  thoroughljr  filtered:  the  absence 
of  a  visible  solid  phase  was  controlled  on  a  microscope  with  a  magnification 
of  100  times. 

For  the  electron  microscope  average  fdel  sample  applied  on  the  collodion 
sublayer  was  pladed  in  vacxnmi  apparatus  at  a  residual  pressure  of  1  •  10'^  ob  Hg 
for  4*'6  hours  (till  full  evaporation  of  the  fuel).  After  such  preparation  the 
samples  were  examined  on  an  electron  microscope  and  different  sections  of  thaa 
were  photographed. 

The  obtained  photographs  are  shown  in  generalised  and  ystesmtlsed  foram  in 
Figs.  3  and  4.  Photographs  of  fuels  with  impurities  of  different  organic  sulfur 
compoxinds  (0.01-0.255?)  differed  in  no  way  from  photographs  of  the  reference  fuel: 
in  all  cases  a  homogeneous  mixture  was  obtained,  which  may  be  compaored  to  a  true 
solution  of  organic  sulfur  compounds  in  a  hydrocarbon  medium.  Separate  particles 
of  the  solid  phases  are  visible  in  the  field  of  sight  of  the  fuel  mixtures  with 
« -alkylthiophanes ,  di-isobutylsulfide,  and  ethylmethyl'*yclohex7l sulfide.  However, 
such  particles  are  very  small,  and  their  dimensions  are  less  than  0.1  m . 

After  heating  the  fuel  mixtures  and  separating  the  solid  particles  visible  at 
100-magniflcation  onto  the  filter,  an  entirely  different  picture  was  obtained.  In 
the  hydropurified  fuel,  solid  ^Articles,  as  before,  were  absent,  bxit  in  the  fuel 
with  organic  sulfur  compounds  an  accmsulation  of  particles  of  different  dmsity  and 
magnitude  were  distinctly  conspicuous.  At  a  twperature  of  200*C  and  a  ccmcsntration 
of  mercaptans  of  0.0I<  (Fig.  3)  the  biggest  accmsulations  of  partiolee  are  formed 
in  the  form  of  dense  aggregates,  tne  dimensions  of  which  exceed  1  m  .  Obviously, 
under  these  conditions  the  colloidal  systam  formed  during  heating  of  the  fuel 
mixture  is  destroyed  and  precipitates  out  in  proportion  to  the  slse  of  the 
particlea  in  the  deposit . 

<^7*k  on  The  electron  microscope  was 
Sasoncv. 


executed  by  B.  I.  Leont'yev  and  A.  Te. 


Flf .  3.  Hydro fMrifi«d  fuel  TS-1  with  Mrcaptene  After  heetiiig 
(rngnified  10,000  tiawe). 

1— PSiel  without  MrcAptAne;  2 — With  isoAvylaerceptAn;  3— With 
secondAry^KitylaercAptAn;  4--With  ■ethylcyclohejqrljiercAptAn; 
5~With  benayJjwrcAptAn;  6— With  e-thicnephthol. 

KETt  (a)  ConcentrAtion  of  nercAptAn  eulfur  in  fuel  TS-1,  t 
wei^t;  (b)  TeaperAture  of  heAting,  *C. 


Fig.  4.  Hydropurified  A:sl  TS-I 
with  0.25<  weight  of  eulfurous 
concent rAt ee ,  eulfidee,  thiophAitee, 
thiophene#,  end  dieulfides  (aeipU- 
fied  10,Q0C  ti»ee). 

A — Sulfuro'us  concent  re  tee  And 
eulfidee:  1 — SulfUroua  concentrete 
TS-1  (ty  -  :K^20C*C5  S  -  4.3<); 

2 — SulfurouB  concentre te  TS-1  (tj^  ■ 

-  18^-24C*C;  S  -  17. 9ft) |  >~Dibutyi- 
eulfide;  4 — Di-inobutyleul'ide;  5 — 
Bthylaiet  hy  Ic  /c  lohaxy  1  eul  fide . 

b— Thiophene# ,  thiophenee,  end  dl- 
sulflaee;  1— e-MylthiophAne;  2 — 
Thiophme;  >~«-butylthiophAne;  4 — 
Di-eecondAry-octyldievilfi^de;  5—‘I>i-o- 
tolylaieulfide . 

IvET:  (a)  Prior  to  heAting. 


The  sane  picture  ia  obsenred  for  *  large  part  of  the  other  organic  sulfur 
conpounds.  InasBRich  as  the  initial  hydropurlfied  fuel  under  these  saae  conditions 
the  fomation  of  a  colloidal  systea  was  not  obsenred,  and  aoreover,  no  precipitate, 
it  la  natural  to  consider  that  this  process  is  caused  by  organic  sulfur  coapounds. 

Fbr  all  of  the  coapounds,  besides  the  thiophenes,  with  an  increase  in  the 
temperature  of  heating  the  quantity  of  particles  of  deposit  rlsiole  under  the 
microscope,  the  area  occupied  by  them,  and  the  density  of  their  accvomlations 
strongly  increase  (see  Fig.  4).  At  200-250*C  in  mlrturet  with  thiophanes  and 
disulfides  the  accuaulatlons  of  the  aggregate  solid  phase  is  so  great  that  in 
separate  cascu  particle  dimensions  exceed  1m,  i.e.,  it  goes  beyond  the  dimension 

limits  of  particles  characteristic  of  a  colloidal  system.  On  photographs  is  shown 
tne  process  of  destruction  of  the  colloidal  system,  accompanied  by  the  enlargement 
and  oackin^  of  particles  vdth  rubsequent  loss  of  the  solid  phase  in  depos-t. 

In  the  presmnce  of  thiophenes  in  fuel  d\a*lng  heating  of  it  to  250®C  the 
solid  particles  precipitate  in  very  aaall  quantity  and  are  of  small  dimensions 
(to  0.1  m);  noticeable  aggregating  of  the  particles  does  not  occur.  In  other  words, 
thiophenes  showed  themselves  to  be  the  meet  thermally  stable  oiganlc  sulfur 
cempomTids ,  in  the  presence  of  which  a  stable  coiicidal  system  will  be  formed  with 
minute  solid  phase  particles. 


Conclusions 

i.  Research  on  the  Lnfluence  of  individual  organic  sulfur  compounds  of 
va.^'ious  structure  on  the  exploitational  properties  of  TS-1  type  fuels  in  the  case 
of  a  total  content  of  sulfur  within  the  limits,  allowed  by  GOST  showee 

that  the  corrosivity  with  respect  to  bronic  of  aercaptans,  sulfides,  thiophanes, 
and  disulfides  during  heating  of  the  fuel  to  a  temperature  of  200-250*C  is  aaall, 
with  the  exception  of  di-o-tolyldisulficd  which  la  extremely  corrosive. 


2.  Sulfides,  disulfides  end  to  s  SBsller  degree,  aeresptsns  of  eroastic 
structure  &re  s  source  of  signlficsnt  tAr  forastion  on  aetAls  dujrlng  hsAtlng  of 
fuel  higher  than  150*C.  Thiophenes,  during  heating  of  fuel  to  250*C,  do  not  glre 
tarry  precipitates  on  bronse. 

3.  At  150-2$0*C  acyclic  and  cyclical  sulfides,  thiophenes,  and  disulfides 
are  e  source  of  fonsetion  of  significant  quentltles  of  deposits  (which  are 
Insoluble  in  fuel),  the  quantity  and  aagnltude  of  whose  particles  increase  as  the 
concentration  of  'Oulfurous  coapounds  and  the  heating  increase.  In  the  presence 
of  thiophenes  and  nercaptans  (to  0.01^)  and  during  heating  of  the  fuel  to  250*C 
the  aeposit  is  insignif leant . 

In  standard  fuels  there  Is  present  a  aixture  of  organic  sulfur  coapounds 
of  different  structure;  therefore,  their  Influence  on  the  exploitac-ional  properties 
of  the  fuels  Is  levelled,  which  Is  proren  by  the  results  of  tests  with  sulfurous 
ccr.eentrates  of  fuel  TS-1. 

5.  The  presently  peraisslble  noms  of  organic  sulfur  coapounds  in  fuels  of 
type  T  are  lisltlng  ones,  i.e.,  they  do  affect  the  qxiality  of  the  fuel  when  it  is 
heated  to  120*C.  At  a  higher  toaperature  it  is  necessary  to  take  aeasures  to 
prevent  the  negative  influence  of  nercaptans,  sulfides,  thiophanus,  and  disulfides 
on  the  exploltat tonal  propertiee  of  fuels. 

6,  In  the  presence  of  thiophenee  and  its  hoaologs  during  heating  of  fuel 
to  250*C  Its  exploitational  qualities  are  not  lowered. 


IM?T.U=JICE  OF  NATURAL  AND  STNTHCTIC  SULPHUR-  AND  NITROOEN-CONTAINING 
CO(POUNns  ON  THE  TKETOOOXIDIZINC  STABILITY  OF  DIRFL:T 
DISTILLATION  OF  FUSIiS 


G,  F.  Bol'shakov,  P.  I.  Davydov,  T.  G.  Potapenko,  F.  Tu. 
pLachinski/,  and  N.  M.  Slavachevskaya 

In  directi/  distilled  fuels  of  the  kerosene  typo  alon^  vrith  organic  sulfur 
comrx'unds  nitrogen  organic  compoands  are  also  present  [l]. 

We  separated  sulfur-  and  nitrogen-containing  coeipounds  of  a  "basic"  character 
from  the  tarry  part  of  fuels  TS-1,  T-1,  and  DA.  The  method  of  separation  was  the 
following  [2], 

Tars  were  dissolved  in  sulfuric  ether  in  a  volumetric  ratio  of  1;1.  l-re 
sulfur-and  nitrogen-containing  compounds  from  solution  were  extracted  by  treatment 
with  a  aqueous  solution  of  8ulfu~lc  acid.  After  settling,  the  acid  layer  was 
separated  and  passed  through  a  paper  filter,  on  which  traces  cf  tar  were  retairec 
and  then  carried  awar  by  mechanical  means.  The  filtrate  was  neutralised  under 
strong  cooling  by  a  30<  co^iution  of  alkali  up  to  a  weakly  aikalJne  reaction.  Tie 
separated  oily  Isiyer  was  extracted  by  sulfuric  ether.  The  ether  extract  was  ir*-  .; 
by  heated  sodium  sulfate.  After  distillatlop  of  the  sulfuric  ether  there  remainea 
an  oil,  consisting  of  s'cifur-  and  nit rog in-containing  coopou'sis  of  a  "basic  ' 


character. 


Extraction  was  continued  until  no  aore  oil  was  extracted  fren  the  next  freeh 
portion  of  acid  aolution.  In  eeparate  cases  such  treatawnt  of  the  tare  was  repeated 
up  to  8  tines. 

In  Table  1  are  given  the  yield  and  characteristics  of  the  separated  coapounds. 

The  results  of  investigation  of  the  properties  of  separated  sulfur-  and 
nitrogen-containing  conpounds  with  the  epplicetion  of  physicocheetieal  end  spectral 
nethods  neks  it  possible  to  consider  that  these  eonpounds  can  exert  both  a  negative 
positive  ^tion  on  Che  tharwooxldising  atabllity  of  fuels  [3,  4). 

The  gtenfiinaticn  of  the  thensocodditing  stability  was  conducted  in  a 
specially  de^signed  apparatya  at  a  temperature  of  150*C  for  6  hoiurs  [5]. 

Ti^e  fuel  was  in  closed  vessels  in  contact  with  bronse  VB-24j  the  vessels  were 
given  afi  ’^scU.latory  action  by  a  crankgear.  At  the  end  of  6  hours,  after  cooling 
the  ia*tn»eat  the  corrosion  of  the  bronae  plate  placed  in  the  fuel  was  detersdned 
(g/®^)  and  also  the  q^santity  of  depoeits  on  this  plate  (g/m^)  and  of  insoluble 
deposit  in  the  fuel  (allligrWl'^  al)' 

The  deposit  was  separated  by  filtration  of  the  fuel  through  a  No.  4  glers 
filter.  The  acidity  (petenticwetric)  aiKi  optical  density  of  ths  filtersd  fuel  were 
deterained.  In  process  of  tb«  work  the  deposit  and  plate  were  fAwtographed  at 
3CX)  X  laagnificatioc  on  a  MIK-8  mici  oscope. 

AH  of  the  cenpounds  studied  in  optlsroB  concent,  at  ions  somewhat  inprovsd  the 
themsocnddislng  stability  of  the  initial  detarred  fuel. 

Thus,  during  addition  of  separated  coaipounds  to  detarred  fuel  TS-1  the  corrosion 
and  opticid  density  not  changed  practically,  and  the  formation  of  insoluble 
deposit  on  the  hr^nse  decreased  somewhat.  At  concentrations  of  0.03-0,05?^  weight 
a  alniiRiifi  of  ^^odlm^tatlon  was  clearly  indicated  (Wg.  l). 

Th#  vajE^iational  curv^  of  corrosion,  sedlmsntatlon  and  optical  density  have 
distinct  ulni&mm  at  the  following  concentrations  of  the  investigated  compounds: 


0.05-0.095?  for  fuel  DA  (ri«.  2)  «nd  0.02-0.065?  -  for  fuel  T-1  (fig.  3).  With  an 
increaoe  of  U.a  optima  quantity  of  eulfor-  and  nitrogen-containing  coapounde  in 
the  fuels,  sedinentation,  corrosion,  and  tar  foraation  are  Increased. 


Table  1.  Pt^icocheaical  Properties  of  SulAu^-  and  Nitrogen-Containing 
Compounds  Separated  Prom  Fractions  of  Fuel  Tars. 


The  basic  cause  of  increased  theraooxidising  stability  of  the  fuels  at 
optimiiB  quantities  of  the  studied  compounds,  apparently,  must  be  considered 
to  be  the  presence  in  the  tarry  part  of  the  fuels  of  certain  compounds,  capable  of 
forming  a  durable  film  on  the  aurface  of  iBe’:iL  which  "protects"  the  fuel  from  the 
catalytical  Influence  of  the  matal.  In  connection  with  this  there  is  a  decrease 
in  the  quantity  of  insoluble  deposit  and  tarry  deposit  formed.  Furthermore, 
these  compounds,  probably,  also  have  a  certain  inhibiting  action  on  the  process  of 
the  oxidation  of  the  heated  fuel  by  atmosjAeric  oxygen. 

To  confirm  this  supposition  experiments  were  conducted  with  individual, 
specially  synthesised  sulfur-  and  nitrogen-containing  organic  compounds,  the 


prop«rtltts  ot  which  ar*  givwn  in  Tibi*  2  (in  all  6l  eaqpoioxis}.  The  rMrultc  of 
ttudioe  of  fuel  TS-1  with  additions  of  individual  o<Mqpound8  are  given  in  this  saae 
table. 


Pig.  1.  Influence  of  sulfoiv  uid  nitrogen-containing 
ooBipounds  of  a  "basic"  character  on  the  themoozidiBlng 
stability  of  fuel  !^1  (at  a  tanperature  of  150*C). 
d  -  in  alass  vessels)  O-  in  brass  vessels. 

EEI:  (a)  Weight  of  deposit,  stil ligraa/lOO  nl;  (b) 
Corrosion,  g/ir\  (c)  Content  of  cosipot^s,  %  wei^t) 

(d)  Deposit  on  bronse,  g/tri  (e)  Optical  density. 


iQI  of  the  aainodieulfides  lower  the  thensooxidising  stability  of  initial 
fuel  T3-1  by  1.5"2  tines.  Aainosulfides  with  aliphatic  radicals  increase 
sedisMUtation  and  corrosion  by  2-3  tijsss.  The  fonsation  of  tarry  deposits  on 
bronse  is  increased  insignificantly .  Introduction  of  the  phenyl  radical  (d'-uiino- 
ehtylplMaiylsulfide)  sharply  decreases  the  sediasntation  in  fuel.  Evidently,  the 
phenyl  radical  plays  an  Inhibiting  role  here. 


Fi^.  2.  The  influence  of  sulfur-  and  nitrogen-containing 
conp?uniJ<i  of  a  "basic**  character  [separated  fron  bensene 
(l),  and  alcohol-acetone  (2)  fractions  of  tars]  on  the 
theraooxldizing  stability  of  fuel  DA  (at  a  tenperatujre  of 
150  *'3). 

^  -  in  glass  vessels ;  0  -  in  brass  vessels . 

K£T:  (a)  Weight  of  deposit,  miUigraa/lOO  nl;  (b)  Deposit 
on  bronze,  g/o^;  (c)  Content  of  conpov^s,  %  weight;  (d) 
Corrosion,  g/sr;  (e)  Optical  density. 


In  our  preceding  woiHk  [6]  it  vas  shown  that  aercaptans  significantly  lower 
the  exploitations!  properties  of  fuels.  It  was  of  interest  to  investigate  how  the 
aadne  group  influences  these  properties  of  aercaptans.  Of  7  synthesised  asdnothlols, 
6  shoieed  unsatisfactory  properties  fron  the  point  of  view  of  their  influence  on 
the  theroDoxidlzlng  stability  of  the  fuels.  One  of  the  aalnothiols  (2- phenyl-2- 
aercaptobutylaaine )  significantly  iaproves  the  stability  of  the  Aiel:  in  its 
presence  alaost  no  deposit  was  foraed  in  the  fuel . 

Aainonltrll'^s  differ  little  in  stability  -  they  are  easily  disintegrated  and 
fora  peroxide  radicals.  This,  evidently,  was  also  a  basic  "muse  of  the  lowered 


th«r«Al  itabilitj  of  the  fu«l  during  addition  of  aBiiKmltidJlMiMpocially  with 
rotpect  to  deposit-  and  -ar  foivation. 


Pig.  3.  Influence  of  sulfur-  and  nitrogen-containing  coepounds 
of  a  "basic"  character  [separated  fro«  bensene  (l)  and  alcohol- 
acetone  (2)  fractions  of  tars]  on  the  themooxidising  stabilltj 
of  fuel  T-1  (at  a  tenperature  of  130*C), 

d  •  In  gl£ss  Teasels;  0  -  In  brass  Teasels. 
lET;  (a)  Weight  of  deposit,  a?lllgrsis/lCX5  *1;  (b)  Dejposit  on 
brrase,  g/n^;  (c)  Content  of  eonpounds,  %  weight;  (d)  Corrosion, 
g/sr;  (•)  Optical  densitT. 


All  of  the  InTestigated  thiasolidines  and  thiasollnes  increase  the  sedinentatior 
and  corrosion  of  fuel,  but  toee  of  then  (>-phenylthlaiolid^ne  and  2~n-hyTirojty phenj  1- 
thlasolldine)  decrease  the  corrosion  of  br^nse  bj  U  tines  as  c(»pared  to  the  initial 
fuel. 

AscBSthTnes  prsTent  the  depo^iiting  of  insoluble  tars  on  bronrs,  but  all 
asoeethTnes,  with  the  exception  of  o-phenylene  dlanine  and  aal^Lcylal-o-odnophcnol , 
lower  thermal  atability  of  the  Tael  with  respect  to  rediiwntatlon  and  eorroaion  of 


the  aetal. 


Table  2.  Fhjaico-^heaical  Properx.i«s  of  SjntheBlzed  Sulfur-  and  Nitrogen-ContaluiJT*  Compoundn 
and  th«  Influence  of  Additions  of  these  Compounds  (0.05^  weight)  on  the 

The rmooxld Icing  Stabllltj  of  Fuel  TS-1, 


C,II.  CII,NII,  2-Phenyl-2-iaercaptobutyl-  |  ''-i 


*T«Bp«rfttiir«  of  fusing  in  *0. 


2-  Amino-^-ffle  thy  1  thiASol  e 


.  S-di-tertiary-btitjl-A- 
hyd  roxyl  b«niy  1  a  1 -o-aait 


-<CII,),0  (CH,),0  (CJf.hOH 


*T«»iperatur«  of  fiiftlng  in  *C. 


(T.  hie  contlnumj) 


v(V.v-.'*Vftyiipw'W 


Lonol  dcritat iveo  (3.5“tert,-but^' -M->.7droxyben*4ld«hydo  and 
bui7l~4~hydrox3rb«n2ylal-o--tWBlTOphen<  ►‘i r^ctiraly  decrease  sedimentation  in  fuel. 
Corrosion  and  the  foncation  of  tars  v’  1  -h  are  Insoluble  in  fuel  reaain  alaost  the 
sa^e  as  In  the  initlsl  fuel. 

Of  the  tetrahydroquinoline  group,  tetrahydroquinoline  itself  significwxtly 
improves  exploitations!  properties  of  fuel  being  considered. 

The  product  obtained  by  condensation  of  styrene  with  phenol  improves  the 
thcmjooxidiaing  stability  cf  the  fuel  being  Investigated. 

Thus,  in  the  presence  cf  certain  sulfur-  and  nitrogen-containing  conpounds  which 
have  been  synthesised  and  separated  ttvm  fuela,  the  themooxidlsing  stability  of  fuel 
is  increased.  The  substances  which  have  an  inhibiting  action  are  complicated 

heterocyclic  compounds,  characterised  by  tno  presence  of  atoms  of  nitrogen  In  a 
ring,  sulfur  in  the  form  of  the  thiol  group,  and  oxygen  in  the  form  of  a  hydroxyl 
group. 


Conclusions 

1.  Synthetic  sulfur-  and  nitrogen-containing  organic  ccoipounds  basically 
lower  thermooxidising  stability  of  directly  distilled  fUels,  with  the  exception  of 
2- pi^^nyl-2-mercaptobutylamine ,  l,2,3,4-t»f.rah7droquinolin6;  certain  derivatives  of 
ionol;  and  the  product,  obtained  by  the  interaction  of  styrene  with  phenol. 

2,  In  tars  of  fuels  TS-1,  T-1,  and  DA  are  cent  ”  ed  compounds,  which  in 
small  concentrations  are  able  to  inprovo  effectively  the  thermocxidiiirg  stability 
of  fuels.  These  are  basically  -  heterocyclic  compounds,  containing  thiol,  amine, 

j*\enyl  groups. 
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INVESTIGATION  OF  THE  THERMAL  STABILITY  AND  CORROSIVENESS 
OP  SULPURDUS  FUELS  AT  TEMPERATURES  ABOVE  100*C 

le.  R.  Tereshchenko  snd  M.  Ye.  Tararyshkin 

The  length  of  service  and  reliability  of  work  of  motors  depend  to  a  significant 
degre<>  on  the  quality  of  fuel  used  and  primarily  on  its  thermal  stability  and 
corrosiveness. 

Motor  operational  experience  shows  that  standard  fuel  TS-1  obtained  from 
©.■‘Stem  sulfurous  erodes,  at  operating  temperatures  higher  than  100®C  will  form 
insoluble  sediments,  which  are  deposited  on  the  components  of  fuel  equipsent.  Cases 
are  also  noted  of  heightened  corrosional  wear  of  fuel  pumps  components,  burner 
nozzles,  and  filters  during  operation  of  motors  on  such  fuel. 

In  i960  we  conducted  research  to  study  the  thermal  stability  and  corrosiveness 
of  sulfurous  fuels  at  temperatures  above  100*C. 

The  following  sulfUrous  fuels  were  tested:  TS-1  hydropurified  fuel,  TS-1  with 
a  heightened  content  of  mercaptan  sulfur  obtained  from  a  mixture  of  Stavropol 'and 
Chapayovsk  crudes,  TS-1  with  a  heightened  content  of  sulfur,  obtained  from  arlan- 
chekmagush  crude,  and  also  standard  fuels  TS-1  and  T-1  (Table  l). 

The  thermal  stability  and  corrosiveness  of  sulfurous  fuels  were  studied  under 
static  conditions  in  a  bomb  and  in  a  flow  during  a  single-time  injection  of  fuel  on 
a  device  almulating  the  work  of  the  fuel  filter  of  a  motor  [1]. 


Table  1 


Fuel 

D^ltx 

Limits  of 
boiling  out, 

•C 

Group  ch«m 
compositioi 

leal 

p.  % 

Sk 

1 

I 

i 

51 

5 

S 

0, 

Naphthene 

0 

1 

TS-1  hydropusif led . . . 

0.778 

137—235 

60.00 

24.00 

16.00 

0.01 

}.000 

0.0 

TS-1  from  mimture  of 

Stavropol '  and 

Chapayevsk  crudes... 

0.778 

133—228 

— 

— 

13.80 

).030 

7.0 

TS-1  from  arlan- 

chekmagush  crude .... 

0.782 

142—232 

— 

— 

14.40 

).002 

5.0 

TS-1 . 

0.778 

133—230 

56.00 

25.50 

18.50 

0.20 

).009 

2.4 

T-1..... . 

0.818 

139—278 

20.70 

62.90 

16.40 

0.06 

).000 

1.6 

The  reaeareh  conditions  for  fuel  in  a  bosib  correspond  to  the  conditions  in  a 
fuel  tank,  which  makes  it  possible  to  determine  the  total  amount  of  insoluble 
deposits  and  tara  and  the  cor*x)sion  of  fuel  equipsient  components  under  static 
conditions.  Research  on  fuels  in  flow  simulates  the  work  of  a  fuel  system  beyond 
the  tank  and  makss  it  possible  to  estimate  the  Influence  of  insoluble  deposits  and 
tars  on  the  working  of  fuel  filters  and  the  corrosi'^m  of  fuel  equipsent  coeiponents 
under  dynamic  conditions. 

Necessity  of  such  a  double  appraisal  of  fuels  is  unavoidable  since  the 
reliability  of  work  and  service  life  of  a  fuel  system  depend  on  both  the  total 
quantity  of  deposits  and  tars  forming  in  the  fuel  and  on  their  ability  to  be 
deposited  on  fuel  equlpaent  parts  and  filters.  The  study  of  corrosion  is  partic¬ 
ularly  important  for  fuels  containing  active  sulfur. 

The  results  of  research  on  the  themal  stability  of  sulfurous  fuels  under 
static  conditions  in  a  boed>  at  a  teeiperature  of  150*C  are  given  in  Table  2. 


Tabl«  2. 


Fuel 

Quantity  of 
deposit,  mg/lOO  ml 
of  fuel 

Quantity  of  tars, 
mg/lOO  ml  of  fuel 

without 

metal 

with 

bronse 

without 

metal 

with 

bronze 

TS-1  hydropurif  led . . 

1.0 

8.0 

8.0 

10.6 

TS-1  from  a  sdxture 
of  Stavropol '  and 

Chapayevsk  crudes.. 

1.3 

23.4 

8.8 

13.6 

TS-1  from  arlan- 

chekmagush  crude . , . 

18.9 

33.1 

41.6 

35.6 

TS-1 . 

5.3 

18.5 

15.2 

21.6 

T-1 . 

29.4 

34.0 

17.6 

30.8 

The  data  of  Table  2  shot#  that  fuel  TS-1  which  has  been  subjected  to  hydro- 
purification  has  the  best  thermal  stability.  Consequently,  hydropurification  is 
an  effective  method  of  increasing  the  thermal  stability  of  fuels  obtained  from 
eastern  sulfurous  crudes. 

Fuel  obtained  from  arlan-cheknagush  crude  turned  out  to  be  the  most  unstable. 
Curing  heating  it  will  form  a  significant  quantity  of  insoluble  deposits  and  taz*s. 
Fdel  TS-1  obtained  from  mixture  of  Stavropol*  aiKl  Chapayevsk  crudes,  possesses 
sufficiently  high  thermal  stability  during  heating  without  metal,  but  in  the  presence 
of  bronse  the  quantity  of  Insoluble  deposits  in  it  sharply  increases. 

Analysis  of  the  deposits  obtained  during  test  of  sulfurous  fuels  in  the  bos^, 
showed  that  these  deposits  contain  a  large  quantity  of  ash  (to  20^  and  above).  It 
was  noted  that  the  higher  the  active  sulfur  content  (mercaptans  and  elwtentary 
sulfur)  the  higher  the  ash  content  of  the  deposits.  This  circ\Hstance  makes  it 
possible  to  suppose  that  heightened  formation  of  insoluble  deposits  is  connected 
with  the  corrosion  of  bronse  and  loss  of  products  of  corrosion  in  solid  phase. 


w 


Froa  th«  data,  girm  in  Tabic  2,  it  la  also  clear  that  atandard  fttcla  TS-1  and 
T-1  poaacaa  inaufficiant  tharaal  at  '^olllty,  aapaciallT  fuel  T-1. 

In  Pii;.  1  are  ahoim  the  reaulta  of  analjaie  of  the  theraal  stabilitj  of 
aulforoua  faela  under  dynamic  condltione  at  a  taaperature  of  150*C  for  5  houjra 
(with  aingle  fuel  injection  throvi^  the  filter).  The  criteria  for  analysia  of  the 
thenaal  atability  of  fbela  were  the  preaanre  drop  on  the  filter,  the  characteriatic 
degree  of  clogging  of  the  filter  by  inaoluble  depoaita,  and  the  atate  of  filter 
after  the  teat. 

Fuel  TS>1  after  being  subjected  to  hydropurlflcation  under  the  indicated 
conditions  does  not  clog  the  filter  with  deposits.  Standard  fuels  TS-1  and  T-1 
«re  unstable:  cosiplete  clogging  of  the  filter  with  insoluble  deposits  for  fuel 
T-1  occurs  after  2  hours,  20  ninutes,  and  for  fuel  TS-1  -  after  4  hours,  30  ainutes. 
The  character  of : the  filter  clogged  by  insoluble  deposits  is  shown  in  Fig.  2. 

Sulfurous  fesls  TS-1  from  arlan-chekaaguah  crude  and  TS-1  fron  a  mixture  of 
Stawropol*  and  Ohapayersk  crudes  haire  a  significantly  MMller  inclination  to  clog 
the  filter  than  do  standard  fuels  TS-\  and  T-1,  although  under  static  conditions  in 
a  bomb  these  fules  were  practically  equivalent  to  standard  fuels  TS-1  and  T-1.  This 
is  explained  by  the  fact  that  the  deoosits  forming  in  these  fbels  have  smaller 
particles  an4  therefore,  are  not  stopped  by  the  filter. 

Consequently,  sulfurous  fuels,  depending  upon  their  chesdcal  coatposltlon,  form 
during  heating  insoluble  deposits  which  ran  be  distingvished  both  by  quantity  and 
by  quality  (sise  of  particles). 

Deposits  foyming  in  sulfurous  fuels  during  their  heating  above  100*t  are 
amorphous  carbon « particles  usually  black  and  soswtijses  dark-brown. 

In  Fig.  3  nre  sbotm  photOBd.crographs  of  fuels  TS-1  and  T-1  at  1201  magnification 
after  heating  in. a  bosk)  at  a  temperature  of  175 *C  for  4  hours. 


A  method  of  screen  anal/sis  was 


I 


a)  B.'f"*  uCf>»>^0"u>  *1tc 

?±g.  1.  CharactsriBtlc  of  filter 
clogging  bj  inaoluble  deposits  during 
a  single  injection  of  sulfurous  f^iels. 

A  -  TS-1  hTdropurified;  X  -  TS-1 
from  mijctxire  of  Stavropol'  and 
Chapayevsk  crudes;  0  -  ‘^^-1  frosi  arlaxh- 
chekmaguah  crude;  •  -  TS>1  standard; 

O-  T-S  standard. 

KET:  (a)  Pressure  drop  on  filter,  w  Hg; 
(b)  Tiae  of  test,  hours. 


applied  to  determine  the  particle 
size  of  the  deposits  formed  in 
sulfurous  fuels.  Results  of  the 
analysis  (Fig.  4)  showed  that  the 
deposits  of  standard  fuels  TS-1  and 
T-1  have  bigger  particles;  75-305t 
of  these  deposits  were  trapped  by  a 
20  m  filter.  Deposits  of  fuel  TS-1 
from  the  mixture  of  Stavropol'  and 
Chapayevsk  crudes  have  the  smallest 
particles  -  of  these  deposits 
were  trapped  by  a  filter  of  only  less 
than  3  M  size. 


«  h 

Fig.  2.  Appearance  of  filter  before  (a)  and  after  (b) 
test  with  standard  rulfUrous  fuel  TS-1. 


The  magnitude  of  the  deposit  particles  of  sulfurous  fuels  significantly 

I  increased  during  testing  in  contact  with  bronze  (Fig.  5).  Thus,  75t  of  TS-1  fuel 

i 

I  deposite  are  trapped  by  a  20m  filter  during  teeting  of  this  fuel  in  contact  with 

I  bronze;  72%  of  the  deposits  forsied  are  trapped  on  eve^  a.  60-mlcron  filter.  Thus, 

I 


broni*  not  only  Incroosoo  th«  inclination  of  oulforotia  fwlo  tr  Mdlaontation,  but 
aloo  evokaa  a  aiao  ineraaae  in  the  partielaa  of  the  deposits  forasd.  The  influence 
of  bronse  on  the  iaagnitude  of  partielaa  of  low-sttlfor  fhel  T-1  is  In  the  opposite 
direction:  the  sise  of  deposit  particles  decreases.  Steel  has  practically  no 
influence  on  the  jutgnitude  of  deposit  particles  fbnasd  in  either  sulfurous  or  in 


low-sulfur  fuels. 


a) 


fi^.  3>  Photoaicrcgraphs 
T-1  b)  after  heating. 


Fig.  4.  Particle  else  of  sulfurous 
fuel  deposits  during  test  with  bronse 
b)  and  without  it  a). 

1— T-1  standard;  2— T^l  standard; 

3 —  TS-1  frea  arlan-cheknagush  crude; 

4—  TS-1  ftea  nixttire  of  Starropol*  and 
Chapayersk  crudes. 

KEI:  (a)  l>eposit  trapped  by  filters,  %i 
(b)  Mignitsc  of  filter  holM,  s  . 


of  fuel  TS-1  a)  ana 

In  Table  3  la  giren  the 
cheaical  coaposition  of  insoluble 
deposits  obtained  during  testing  of 
fuels  TS-1  and  T-1  1%  a  boab  at  a 
tiaperature  of  1/5 *0, 

The  cheaical  coaoosition  of  the 
deposits  laakes  it  possible  to  suppose 
that  they  are  foraed  in  foals  TS-1 
and  T-1  «s  a  result  of  tha  oxidation 
by  ataospheric  oxygan  of  theraally 
unstable  sulfur-nitrogm,  and  oxygen- 
containing  organic  oos^cands,  which 
are  present  in  the  fuel. 


Our  «xperiMnts  showed  that  if  fpoi  ftesl  T-1  or  TS-1  the  dissolyed  air  were 
resK)Ted  and  it  waa  heated  in  special  uspoules,  then  the  teaiperature  interval 
100-250*C  deposits  and  tars  will  not  be  fbmed  in  the  fuel. 


Table  3. 


Fuel 

Chesd.cal  comcosition  of  decosita. 

C 

1 

H 

If 

s 

0 

Ash 

TS-1 . 

6U.BO 

5.78 

4.18 

6.76 

18.48 

Nods 

TS-1  in  contact  with 
bronse  .  .  . . . 

46.97 

4.84 

2.46 

8.06 

13.35 

24.32 

T-1 . 

67.53 

62.62 

6.83 

1.91 

5.92 

16.10 

1.71 

T-1  in  contact  with 
bronse . 

5.23 

0.  " 

6.09 

18.00 

7.U 

A  peculiarity  of  the  influence  of  temperature  on  the  fonaation  of  insoluble 
deposits  in  hydrocarbon  fuels  is  the  presence  of  a  MudouB  in  a  definite  region  of 
temperature . 

Under  both  static  and  dynamic  test  conditions  the  aarlmm  formation  of  insoluble 
deposits  is  within  the  same  limits.  in  the  bomb  the  maxiauB  quantity  of 

deposits  will  be  foimed  in  the  temperature  interral  15O-200*C;  in  practically  the 
same  range  of  temperatxires  there  is  observed  a  maxiBum  speed  of  grtTwth  of  the 
pressure  drop  on  the  filter  or  speed  of  clogging  in  the  filter  by  insolxdilo  deposits. 

At  present  there  is  no  universally  recognised  explanation  of  the  temperature 
maximum  for  insdliAle  deposit  formation  in  hydrocarbon  fuels.  Different  authors 
have  given  a  number  of  sxiggestions  concerning  this  question  [2,  3]. 

Visual  obasrvaticms  of  the  formation  of  deposita  in  fuel  in  special  apparatus 
have  shown  that  during  heating  of  the  fuel  above  100*C  it  first  become#  slightly 
cloudy,  then  the  flneet  pai^icles  appear  in  the  fbrm  of  white  dots.  With  further 
hestl/ig  these  particles  gradually  grow,  acquiring  a  brown  and  then  a  black  oo'cr. 
Subse<iuently, agglomeration  of  particlea  oecure  (aee  Vig.  5).  At  temperatures  above 


w 


175 *C  th«  quantitj  of  particles  grsduallj  deereasos,  and  at  a  tesperature  of  250*C 
only  a  snail  qaantltj  of  bi^  particles  veins. 

Visual  observations  and  experlnental 

deteradnatlons  of  the  tesiperatore  dependent 

sedlnentatlon  in  fuels  nakes  It  possiole 

to  explain  tesiperature  anrlaw  of  insoluble 

deposit  formation  in  the  foUovini;  fom. 

With  Increase  of  tesiperature  of 

heating  of  fuel  as  a  result  of  oxidation 

by  atauspherlc  oxygen  of  the  xmstable 

Pig.  5.  Particle-aggloswrate  of  lapurltlee  of  the  fuel  (sulfur-,  nitrogen-, 
fuel  TS-1  deposit  at  120X  nagnl- 

flcatlon.  and  oxygen-containing  organic  oospounds 

and  un5at^”^ted  hydrocarbons)  at  the  beglnnjng  of  oxidation  tars  dissolved  ir.  the 
fuel  are  forsed.  In  certain  cases  part  of  these  highnsolecular  tars  say  precipitate 
at  temperatures  of  100-130*C.  With  further  Increase  of  the  temperature  condensation 
and  packing  of  the  soiecules  occiue,  and  the  final  products  of  oxidation  are  forswd 
-  insoluble  deposits.  At  temperatures  of  175-250*C  a  large  part  of  the  deposits 
formed  (a0-90t)  is  dissolved  in  fuel;  then,  apparently  under  the  influence  of 
temperature  their  thermal  aisintegration  begins  with  the  formation  of  light 
oxidation  products  which  do  not  precipitate  tni«  the  solid  phase.  At  teaiperatures 
above  250*C  there  remains  in  the  fuel  orJ.y  a  small  condensed  and  consolidated  part 
of  the  deposit. 

The  corrosiveness  of  t  1  ..  jus  fuels  was  studied  by  many  researchers,  and  in 
this  region  there  fas  recently  been  published  a  number  of  works.  Homever,  these 
investigations  were  conducted  at  temperatures  below  lOO*'^. 

Ws  inveetigitwl  th#  corrosiveness  of  sulfUrous  fuels  at  a  tsmper-ature  of  150*C 
under  static  conditions  in  a  bemdb  and  under  dynamic  conditions  on  apparatus, 
simulating  the  operatiof*  of  a  fuel  filter  of  a  motor  (Table  4). 


Table  U. 


Loss  in  weight 

of  plates,  g/m^ 

Fuel 

Under  static 
conditions  (in 
bomb) 

Under  dynanic 
conditions  (on 
apparatus ) 

Steel 

Bronte 

Bronte 

TS-1  hydro  tairified. 

0.00 

0.25 

0.60 

TS-1  from  arlan- 
chekmagfish  crude.. 

— 

0.99 

1.80 

TS-1  standard . 

0.24 

1.50 

7.05 

TS-1  from  mixture 
of  Stavropol'  and 
Chapayevsk  crudes. 

1.29 

3.07 

42.40 

Fuel  TS-1  which  has  been  subjected  to  hydropurification  has  the  least 
corroslreness^  As  cospared  to  standard  fuel  T5-1  its  corposireneas  is  ’aas  by 
approxijaately  10  ti^s.  The  most  conposire  is  fuel  TS-1  from  a  mixture  of 
Stavropol'  and  ChapaversV  cnjdes,  which  contain  0.03<  mercaptan  sulfur. 

Conclusions 

1.  Insoluble  deposits  in  sulfurous  fuels  of  type  TS-1  are  foraied  at 
tMRperaturee  above  100*C,  The  bl^^st  inciination  of  these  fuels  to  s<*Ul:s<*ntation 
is  observed  in  the  temperature  interval  15C-200*C. 

2,  Deposi**  forming  in  sulfUrous  fuel  j  are  products  of  oxid®*  ion  mainly  of 
the  sulfur,-  nitrog=?r.,-  and  oxygen-ccntainir.g  organic  compo'ur.l?  present  in  these 
fuels . 

3  Hydrr;-u.  ification  of  sulfurous  ^u«l6  effectively  incre-vsee  their  thermal 
stabi..lty  and  shaxTily  lowers  their  corrosiveness .  The  quantity  of  de;r  .f.a  formed 
decreaaee  by  2-3  times,  and  the  corrosiveness  is  lot»ered  by  10  or  more  Imes. 
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